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D. Summary of Research Findings

1. According to Bosman the mobility fluctuation 1/f noise in silicon
decreases strongly with increasing field; on the other hand number fluctuation
1/f noisefshould not. This can be used to discriminate between number fluc-
tuation 1/f noise and mobility fluctuation 1/f noise in MOSFETs, in that SI(f)
versus drain voltage 1/d should monotonically increase with 1/f under satura-
tion for the number model, whereas SI(f) versus Vd should show a maximum well
before saturation in the mobility model (papers 3 and_?).

Experiments indicated that diffused MOSFETs showed number fluctuation 1l/f
noise whereas ion implemented MOSFETs seemed to slow mobility fluctuation 1/f
noise. Since this is difficult to understand we have developed a buried chan-
nel model for the ion implanted MOSFETs; it takes into account that a buried
channel is developed near the drain and that this reduced the 1/f noise (see
below). Hence the ionimplanted MOSFET also shows number fluctuations 1/f
noise (paper 20).

2. Rot electron noise was observed in buried channel silicon MOSFETs and
iﬁ short-channel silicon JFETs. In both cases the hot electron noise
increases with decreasing temperature. Below 120°K the hot electron noise in
JFETs is masked by generation-recombination noise due to partly ionized
donors. Because of the short time constant involved the g-r noise is prac-
tically white; near 77°k the noise attains a maximum because the Fermi level
crosses the donor level (papers 1 and 2).

3. 1/f noise in JFETs can be very small (Hooge's parameter a<10-7) so
that it is practically unobservable. The reason is that there is practically
no oxide to speak of, so the number fluctuation 1/f noise is negligible. The

small value of a may pose a dilemma for the mobility fluctuation 1l/f noise
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model (paper 6c¢; K. H. Duh, unpublished). 1/f noise in buried channel MOSFETs
is smaller than in diffused MOSFETs. The reason i; that in the diffused
MOSFET the channel is a surface channel, so that the electrons can interact
strongly with oxide traps. 1In a buried channel the channel is ion-implanted
and the electrons have to climb a potential barrier to interact with the
surface; as a consequence the interaction of the electrons with the oxide
traps is much weaker and hence the 1/f noise is smaller (see also'paper 20).
4. Low frequency noise in GaAs current limiters is of the one-dimensional
ion diffusion type, governed by an activation energy that is voltage dependent
because of the Poole-Frenkel effect. One dimensional ion diffusion gives a

2 ‘ 3/2
/ at low frequencies and 1/f / at higher

well-known spectrum that is 1/f1
freqgencies; in our case the turn-over frequency is voltage and temperature
dependent; both dependences can be explained yith the help of the model.

S. Modulation-doped GaAs FETs (HEMTs) have a sizable amount of 1/f noise
that varies as V2 at low drain voltages, as expected for any theory of 1/f
noise in FETs, and saturates at saturation near the drain. The 1/f noise is
probably of the number fluctuation type, caused by interaction of the channel
electrons with traps i~ the thin undoped GaAlAs layer that separates the chan-
nel from the n* GaAlas layer at the surface (paper 17).

We are presently engaged in studying thermal noise in the device. The
thermal noise theory of the device was developed under an NSF contract.

6. Short n*-n"-n* Gaas are opefating in a nearly ballistic mode (paper
14). The characteristic is practically linear, as expected from the modified
Fry-Langmuir theory of the device. The 1/f noise is very small for two
reasons:

a) There is practically no surface (the n~ region is only 4000 long and

is bordered on both sides by n* regions), so there is no number fluc-

tuation noise.




b) There are no collisions with the lattice, so there is practically

mobility fluctuation noise.

The thermal noise corresponds to the thermal noise of the device conduc-
tance, as expected for a linear resistor (paper 14).

7. short n*-n"-n* GaAs diodes and n*-n"grid-n"-n* GaAs solid state diodes
(PBTs) with n~ regions of a few thousand Angstroms thick allow picosecond
electronics. The high~frequency behavior of these devices can be estimated by
applying the h.f. vacuum tube theory as an approximation (papers 11-13).

8. Low frequency noise in untreated HgCdTe is of the 1/f type in the
whole low-frequency range. When the surface is cleaned by mercury sputtering
the spectrum changes to (A/f)tan"(wt) with 14 equal to about a few tenths of
a multisecond. This can be explained by a time constant distribution

g(t) ar = Adr/t (1)
, whereas the true 1/f noise is explained by the same

for 1t <T<t_, where T <<T
o o

1 1

1]
1 where 11 is of the order of many seconds.

constant distribution for ro<T<T
Apparently the sputtering removes most of the surface layer and hence the long
time constants r1<r<rg that give the low-frequency l1/f noise. This is the
clearest evidence that the 1/f noise in HgCdTe is of the (surface) number
fluctuation type caused by interaction of the electr.ns with traps in the sur-
face oxide (paper 19).

9. 1In some GaAs MESFETs the 1/f noise is of the form

(/) [1-2 tan"(wro)j for wr;>>1

n

- L
where To is of the order of 10 4 seconds and 11 is of the order of many

seconds. This proves that the 1/f noise is due to a distribution of time

constants (paper 6d4).







